e have reviewed, retrospectively, all children with a lower limb deformity who underwent an acute correction and lengthening with a monolateral fixator between 1987 and 1996. The patients were all under the age of 19 years and had a minimum follow-up of eight months after removal of the fixator. A total of 41 children had 57 corrections and lengthening. Their mean age was 11.3 years (3.2 to 18.7) and there were 23 girls and 18 boys.
e have reviewed, retrospectively, all children with a lower limb deformity who underwent an acute correction and lengthening with a monolateral fixator between 1987 and 1996. The patients were all under the age of 19 years and had a minimum follow-up of eight months after removal of the fixator. A total of 41 children had 57 corrections and lengthening. Their mean age was 11.3 years (3.2 to 18.7) and there were 23 girls and 18 boys.
The mean maximum correction in any one plane was 23˚ (7 to 45). In 41 bony segments (either femur or tibia) a uniplanar correction was made while various combinations were carried out in 16. The site of the osteotomy was predominantly diaphyseal, at a mean of 47% (17% to 73%) of the total bone length and the mean length gained was 6.4 cm (1.0 to 17.0).
Univariate analysis identified a moderately strong relationship between the bone healing index (BHI), length gained, maximum correction and grade-II to grade-III complications. For logistic regression analysis the patients were binary coded into two groups; those with a good outcome (BHI ≤ 45 days/cm) and those with a poor outcome (BHI > 45 days/cm). Various factors which may influence the outcome were then analysed by calculating odds ratios with 95% confidence intervals.
This analysis suggested a dose response between increasing angular correction and poor BHI which only reached statistical significance for corrections of larger magnitude. Longer lengthenings were associated with a W better BHI while age and the actual bone lengthened had little effect.
Those patients with a maximum angulatory correction of less than 30˚ in any one plane had an acceptable consolidation time with few major complications. The technique is suitable for femoral deformity and shortening, but should be used with care in the tibia since the risk of a compartment syndrome or neurapraxia is much greater.
The combination of malalignment and shortening of a limb is not uncommon in children. Arrest of growth after trauma or infection can dramatically affect a previously normally developing limb while congenital limb malformations and bony dysplasia can lead to multilevel pathology with even greater deformity and inequality.
The introduction of the Ilizarov method allowed reconstructive surgeons to address both deformity and length at the same time. Gradual correction and lengthening through the regenerate bone provided a safe method of achieving these two aims but had problems with patient tolerance, complicated postoperative management and difficulties in the radiological assessment of the bone regenerate. Surgeons in Russia using this method have for many years practised acute realignment of the limb and lengthening at the same site as long as the osteotomy was in the metaphysis and the amount of correction less than 20˚ (personal communication). Acute correction and lengthening, with the monolateral fixator, have traditionally been avoided since it was thought that a diaphyseal site of the osteotomy combined with disruption of both the periosteal and medullary zones of the bone could lead to a poor or defective bony regenerate.
We describe our experience of this method of acute correction and lengthening with a fixator using an osteotomy technique as described by De Bastiani et al. 1 
Patients and Methods
Between 1987 and 1996 we reviewed retrospectively 41 children (57 procedures) who had undergone an acute cor- Forty procedures were in the femur and 11 in the tibia. The relevant information was obtained from the notes, radiographs and physiotherapy records. Operative procedures had been undertaken by a number of surgeons, but predominantly by the senior author (MS) or under his supervision. The patients were all under the age of 19 years and had a minimum follow-up of eight months after removal of the fixator. Most of the corrections were in the femoral segment since there were concerns regarding the compliance of fascial compartments and the risk to the common peroneal nerve within the tibial segment. There were 23 girls and 15 boys with a mean age of 11.3 years (3.3 to 18.7). Fifteen had longitudinal deficiencies/ malformations, 11 achondroplasia, 11 other bony dysplasias and four miscellaneous diagnoses (Table I) .
The preoperative anteroposterior (AP) and lateral mechanical axis radiographs were compared with those taken immediately after removal of the fixator and gave the degree of angulatory correction in both the coronal and sagittal planes. The report of rotational manoeuvres at operation was used to document corrections in the transverse plane. The site of the osteotomy was measured from the centre of the knee and expressed as a percentage of the initial bone length, with metaphyseal and metaphyseodiaphyseal sites being located within the first and last 30% of the bone. The total length gained was determined from the radiograph taken at the end of the distraction period and adjusted for the effect of magnification. The bone healing index (BHI), the number of days for each centimetre of length gained, was then calculated.
Complications were classified according to a severity scale (Table II) from grade I (minimal) to grade IV (severe) and their incidence recorded. Pin-site infections were also graded (Table III ) from 1 to 6 and only the maximum grade achieved used in the analysis. 2 Operative technique. Although we describe a developing surgical technique, certain principles in the application of a monolateral fixator for acute correction and lengthening have remained unchanged. Further surgical treatment to pin-site 6 Chronic osteomyelitis Fig. 1 The preoperative templating used for acute correction of the deformity and simultaneous lengthening with a monolateral fixator.
Fig. 2
The acute correction template which allowed the screws to be positioned so they could be accurately delivered to the definitive clamps on the body of the fixator.
Before operation a standing teleoradiograph is taken, both in the AP and lateral planes. The deformity is analysed by the anatomical axis method and an overlay tracing is made. Screws are orientated at right angles to the anatomical axis and their position determined both before and after the correction is complete. The osteotomy is ideally at the site of the deformity, but often this is not possible because of constraints such as the growth plate or the inherent limitations of the monolateral device. In practice, neither of these should cause problems since a compensatory translation when the deformity is corrected away from its apex will align the axis of the bone (Fig. 1) .
Rotational corrections are determined by preoperative clinical assessment using the rotational profile of Staheli et al, 3 and occasionally in more difficult cases by comparison of the orientation of the nearest joint using CT.
In theatre, the patient is positioned with the patella facing forwards and with free access to the limb. The screws are placed according to the preoperative plan and in such a way that, after the correction has been achieved, they are parallel in two planes ready to be accepted by the lengthening device. It is important to consider movement of soft tissues during the correction and to place excess tissue behind the plane of movement of the screw. In the earlier patients insertion of the screw was achieved in a 'free-hand' fashion, but more recently a multiplanar external fixator template has been used which allows the deformity to be copied into the device and the screws to be positioned so that, after the correction has taken place, they are accurately delivered to the definitive clamps on the body of the fixator. There are currently two template modules, one of which is capable of both sagittal and coronal corrections while the other is rotational (Fig. 2) .
A periosteal sparing opening wedge osteotomy is started with a 2.5 mm drill and completed with an osteotome. When possible the periosteal layer is closed by interrupted sutures and correction achieved with a combination of gentle distraction and angulation or rotation. The screws are then clamped loosely into the body of the fixator and any compensatory translation undertaken. Once alignment has been achieved the clamps are tightened and the osteotomy compressed.
Physiotherapy starts on the first postoperative day with the aim of maintaining a functional range of movement. Walking is encouraged since this minimises disuse osteopenia, improves the circulation and helps to maintain muscle bulk and fitness. Distraction usually starts on the seventh day after surgery at a rate of 1 mm per day in four increments of 0.25 mm. The patients are followed up at intervals of two weeks during lengthening and monthly during the consolidation phase (Fig. 3) . Biplanar bone quality and standing mechanical axis radiographs are used to assess the lengthening regenerate and alignment. The patients are carefully monitored for pin-site infection, prob- Radiographs showing the correction of the acute deformity and lengthening of 5 cm in a 14-year-old child with post-traumatic distal femoral valgus.
lems with the fixator, range of movement of the joint and soft-tissue complications. Statistical analysis. The outcome measure of the BHI was binary coded with 45 days or less/cm representing an acceptable outcome and more than 45 days/cm a poor outcome. Univariate relationships between the BHI and the other variables were assessed by calculating odds ratios (odds of a poor versus an acceptable outcome). The Walid chi-squared test for goodness-of-fit was also calculated with appropriate degrees-of-freedom (Table IV) . For statistical modelling purposes the child was the unit of investigation. When there was more than one procedure per child, we selected the procedure for inclusion at random. Full details of all procedures are given in Table I .
For multivariable logistic regression the relationship between the BHI and some of the other variables in combination was analysed by unconditional logistic regression using the GLIM4 (Numerical Algorithms Group Ltd, Oxford, UK) statistical computer package. The variables in this model were selected for inclusion if the univariate p value was ≤ 0.1 (Table IV) . Although we accept that this was an arbitrary decision, we did not want the multivariable model to have too many parameters. The results are presented as odds ratios (odds of a poor versus an acceptable outcome) with 95% confidence intervals (CI) after adjusting for each variable. The purpose of adjustments is to take into account possible confounding between the variables. The odds ratio is an approximation to the relative risk. 4, 5 
Results
The most frequent correction undertaken was internal rotation in 19 segments with a mean of 29˚ (range 10 to 45). A valgus correction was carried out in 17 segments with a mean of 14˚ (7 to 25), varus in 17 segments with a mean of 21˚ (10 to 45) and extension in 17 segments with a mean of 18˚ (10 to 30). External rotation in four segments with a mean of 27˚ (10 to 45) and flexion in three segments with a mean of 17˚ (5 to 25) were less common.
The mean maximum correction in any one plane was 23( 7 to 45). In 41 segments a uniplanar correction was made while multiplanar corrections were undertaken in 16. The site of the osteotomy was predominantly diaphyseal at a mean of 47% of the total bone length (17% to 73%) and the mean length gained was 6.4 cm (1.0 to 17.0).
The median BHI was 43.6 days/cm of length gained (18 to 182) with a mean of 55.5 days/cm of length gained indi- Table IV . Univariate associations between the BHI (poor versus acceptable outcome) and the other variables in 41 patients; 45 days/cm or less is a poor outcome while 45 days/cm or more is an acceptable outcome. When there was more than one procedure/patient the actual procedure to be included was selected at random. cating that the BHI data were skewed to the right. The median BHI for tibial lengthening was 37.3 days/cm (22 to 148) and for femoral lengthening 46.4 days/cm (18 to 182). Minor complications were common with a mean of 1.2 (0 to 3) of grade-I complications per segment. Grade-II complications occurred at a mean of 0.4 times per segment (0 to 3) and grade-III 0.2 times per segment (0 to 1). There were no grade-IV complications. For the purpose of statistical analysis, grade-II and grade-III complications were combined. The median worst grade of pin-site infection was 2 (1 to 3). A moderately strong relationship was identified between the BHI and a number of lengthening variables such as length gained, underlying diagnosis, total angular correction and grade-II to grade-III complications (Table  III) .
Although the CIs for the multivariable analysis (adjusted odds ratios, Table V) were wide (indicating lack of precision) a number of observations could be made. Children who underwent a large angular correction (>30˚) were more likely to have a poor outcome (p = 0.04) than those having a small angular correction (0˚ to 15˚). This relationship showed a dose-response effect. Positive relationships were also found for longer limb lengthening (also showing doseresponse) and tibial rather than femoral lengthening. Children with grade-II to grade-III complications were more likely to have a poorer outcome (Table V) .
Discussion
The acute correction of deformity with simultaneous lengthening using a monolateral fixator addresses two disorders at the same time. The technique has advanced with the development of more sophisticated templates but still requires careful analysis of the underlying deformity and an understanding of the compliance of the soft-tissue envelope. For the surgeon the equipment is uncomplicated. The zones for insertion of the screws are well defined and a relatively simple bony lengthening is undertaken. Patients see an immediate result from surgery as the angulatory deformity is corrected and can 'wear' a monolateral device which confers numerous advantages with regard to overall tolerance and mobility.
Our results are in broad agreement with many previous observations on limb-lengthening. Metaphyseal sites tend to be more favourable for osteogenesis, longer lengthenings produce a better BHI and the bone of achondroplastic patients has a significant regenerative capacity. 6, 7 Minor differences were found in that age did not play an important role in the outcome and that the femur was only slightly more favourable as a site for lengthening. As expected, the more severe or common the occurrence of complications the poorer was the outcome.
The mean BHI was 55.5 days/cm (median 43.6 days/cm) which is high when compared with that reported in the literature and our own experience of monolateral lengthening without acute correction. Aldegheri 8 described 270 lengthenings of long bones with a mean BHI of 39 days/cm (mean length gain 6.6 cm) while a Spanish series of 261 lengthenings, using the same technique, achieved a lower mean of 28 days/cm (mean length gain 9.8 cm). 9 Noonan et al 10 noted a prolonged mean BHI of 52 days/ cm (median 49 days/cm as calculated from their data) in a series of 40 acute corrections and lengthenings. They felt that the prolongation of the BHI was due to the fact that a shorter (mean 4.1 cm) gain in length negatively influenced the result when compared with that obtained from standard lengthenings which were generally of a greater magnitude. The lower median BHI in our study group (43.6 v 49 days/ cm) may be partially explained by this effect, but the two studies also differed considerably with respect to the underlying diagnoses (congenital 36% v 14%, post-traumatic growth arrest 5% v 46% and achondroplasia 27% v 0%) and that our mean maximum angulatory correction was 23c ompared to 18˚ in the series of Noonan et al. 10 We found that the degree of maximum angular correction had an effect on the BHI. Although the relationship was not statistically significant for smaller corrections, patients who had more than 30˚ of acute correction in any one plane were seven times more likely to have poor bone healing (p = 0.04). This relationship was also observed as a linear trend after adjusting for length gained, grade-II to grade-III complications and bone type (Table V) .
It has been shown that the periosteum of bone is a potent site of osteogenesis during distraction and increasing angular correction results in a greater insult to this layer. 11, 12 Those who undergo large corrections often also require large translations to restore the mechanical axis of the limb fully which decreases the contact area between the divided bone ends and further compromises the periosteal layer.
The importance of maintaining good bone contact was demonstrated in a study of 11 patients who underwent acute correction and lengthening by Kamegaya, Shinohara and Table V . Variables in combination influencing the BHI. The rationale for inclusion in the model was p ≤ 0.1 from the univariate data (Table IV) . Hence, six variables were included in the model. The degrees-of-freedom are as for Shinada. 13 They found that they could maintain a mean BHI under 32.6 days/cm if a dome osteotomy was undertaken for angular corrections greater than 20˚. They argued that this form of osteotomy maintained greater bone contact by avoiding translation and ultimately a better bone regenerate was achieved.
Our study is a retrospective review of a technique in evolution. It raises a number of important issues with respect to bone formation during lengthening when the site of the osteotomy is disturbed by shearing and rotatory forces. The control offered by the newer templates may, to some extent, limit the disturbance of the periosteal layer, but we would recommend that due consideration is taken when undertaking corrections of greater than 30˚ with respect to the underlying diagnosis, the site of the osteotomy and the amount of translation. The use of a dome osteotomy may be preferable in some patients while an opening wedge osteotomy can be avoided by overdrilling the convex side of the osteotomy to produce a closing wedge with greater surface contact.
Although we encountered no serious complications with a variety of tibial corrections we feel that this technique is more applicable to the femur since the soft-tissue envelope is much more compliant and the potential risk of compartment syndrome or neurapraxia is low.
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